In serology, lack of specificity can generally be attributed to cross-reactions between different pathogens with antigens bearing similar epitopes. During seroepidemiologic surveys of contagious agalactia of sheep caused by Mycoplasma agalactiae infection, numerous sera were analyzed by enzyme-linked immunosorbent assay (ELISA). A few sera reacted with various antigens coated on plates, including the well with no antigen. This reactivity was not due to cross-reactions as initially suspected, and these multipositive sera were designated false-positive sera. Elimination of this false positivity was not possible by using covalent ELISA plates or different rabbit anti-sheep IgG conjugates. Only conjugates using monoclonal antibodies or protein G were efficient in elimination of false positivities without reducing the true specific positive titers. No falsepositive sera have been observed since the implementation of protein G conjugates in the serologic diagnosis of contagious agalactia by ELISA for the past 2 years.
Obtaining high specificity is a common and often difficult goal to achieve for all serologic reactions, regardless of the technique used. Although often more sensitive and more practical than most other methods, enzyme-linked immunosorbent assay (ELISA) techniques may also have a significant problem with specificity. 27 The resulting false positivities are sometimes merely recorded as a hindrance to the serodiagnosis. 21 When explained, they are mainly attributed to crossreactions between different pathogens with antigens bearing common or similar epitopes. 2, 9, 13, 16, 17, 23 In that case, false-positive reactions can often be reduced by adsorption of the serum samples with the cross-reacting antigen. 18 False-positive results can also be caused by a previous vaccination with the homologous antigen 4, 20 or reaction with a contaminant antigen. 6 Serum factors can be involved, either those naturally present 4, 19, 22, 25 or those revealed by heating. 10, 28 Other causes such as parasitic diseases or nutritional factors should be considered.
Contagious agalactia is a common disease in most lactating ewes or goats; the main causative agent is Mycoplasma agalactiae. 5, 14 The main clinical signs are mastitis with agalactia, arthritis, and keratoconjunctivitis. Economic losses can be important in infected flocks, and the diagnosis is based on both isolation of pathogen in milk samples and serology with an ELI-SA. 15 During an annual serologic survey for detection and eradication of contagious agalactia in sheep, some serum samples cross-reacted with high titers against a From CNEVA Sophia Antipolis, Unité Pathologie des Petits Ruminants, BP 111, F-06902 Sophia Antipolis cedex, France.
Received for publication October 7, 1997. variety of antigens. In some flocks that were known to be free of clinical signs of contagious agalactia for years, all the sera were negative except a few, which had high levels of positivity. The study of the reactivity of these positive sera showed that, in most cases, they were multipositive, i.e., reacting with any antigen coated on the ELISA plate, and thus they were designated false-positive sera. The purpose of this study was to identify these multipositive sera using a multiantigen ELISA 3 and to eliminate false-positive test results using a protein G conjugate. 1, 7, 8, 11, 12, 18, 24, 26, 29 
Materials and methods
Sera. Sera of different animal species and various origins were analyzed: 4,130 sheep sera (France: 3,832; Cameroon: 298), 4,646 goat sera (France: 4,409; Cameroon and Ethiopia: 237), 240 bovine sera (France), 360 horse sera (France), and 497 swine sera (France).
Preparation of antigens. For the M. agalactiae antigen (AGA), a classic mycoplasma broth medium was used for cultivation of a field strain isolated from a natural case of contagious agalactia. After 3 washes in phosphate-buffered saline (PBS), mycoplasmas were sonicated for 10 min in carbonate buffer (pH 9.6) and then centrifuged for 1 hr at 30,000ϫ g. The supernatant was used as soluble antigen to be fixed onto the plates for 3 days at 4 C. 3 The other antigens were prepared according to the same protocol from Toxoplasma gondii (TOX), Brucella melitensis (BRM), Leishmania donovani (LEI), and Trichinella spiralis (TRI). An additional well was coated with no antigen. Mycoplasma strains known to be ruminant pathogens 5 ELISA. The reaction was performed with the multiantigen ELISA technique developed in our laboratory. 3, 15 Covalent or normal plates were coated with antigens for 72 hr at 4 C and then washed 3 times in PBS, sera were incubated 1 hr at 37 C in PBS-Tween 0.05%, and after 3 washes the peroxidase conjugate was incubated for 30 min at 37 C, followed by 3 washes. Substrate (O-phenylenediamine d ϩ H 2 O 2 ) was then added, and the plates were read at 492 nm in a semiautomated plate reader. e Results were expressed in units according to the standardized ELISA system as previously described. 3 The different parameters of the ELISA reaction were tested 1) to identify the factor responsible for the false positivities and 2) to eliminate these false-positive sera. Time of serum fixation ranged from 5 min to 1 hr and temperature ranged from 4 to 37 C. Resistance to heat of false-positive sera was tested (1 hr at 60 C).
Conjugates. In the first experiments, sera were analyzed with 6 classic rabbit anti-sheep IgG conjugates (heavy and light chain specificity) from different producers: A f , B g , C h , D h , E i , and F j . In a second set of experiments, other conjugates were tested: a protein G conjugate (PTG), k a monoclonal conjugate (H), l and a monoclonal antibody (MAb) antisheep IgG (I) d revealed by a mouse anti-rabbit IgG with a 4-stage ELISA. 3 In the last tests, sera were only analyzed with 4 conjugates (A, I, H, PTG) and finally with 2 conjugates (A, PTG).
Results

Identification and characterization of false-positive sera
During annual epidemiologic surveys of contagious agalactia in sheep flocks, each flock was tested by analyzing 20 serum samples. Periodically, a few flocks had an aberrant distribution of their 20 individual titers. For example, in 1 flock 19 samples were negative, below the threshold of 100 units, and 1 sample was highly positive (serum No. 16, Fig. 1a ). According to the epidemiology of contagious agalactia, this kind of serologic profile had never been observed, and moreover, the flocks with such aberrant distribution were known to have no history of contagious agalactia during the last few years. To characterize these atypical sera, cross-reactions with a closely related mycoplas- ma antigen such as M. bovis were investigated. Sera were also analyzed with antigens from different mycoplasmas commonly found in sheep (AGA, CIN, CCL, ARG, PUT) 5 and with other mycoplasma antigens (MBO, MMB). All the atypical, highly positive sera were positive with these antigens. Other antigens were then tested, corresponding to diseases commonly (TOX, BRM, TRI) or never (LEI) described in sheep. A well containing no antigen was also systematically added. Some sera were positive again with all antigens, such as the serum No. 16 (Fig. 1b) . Therefore, these atypical sera were designated false positive. True positive and true negative sera introduced as controls in the ELISA were positive only with a specific antigen or negative with all the antigens.
Trials to eliminate false positivities
Role of time and temperature of fixation. An important part of the factor responsible of false positivity was already fixed in 5 minutes, even at 4 C, and in 30 minutes almost all fixation was complete, as for the antibodies of a true positive serum.
Resistance to heat. Decomplementation of sera for 1 hour at 60 C did not affect the fixation capacity of the factor.
Role of the plates. With covalent binding plates P1, P3, and P4, a reduction of false positivities was observed, but the titers were not reduced to values considered negative. With covalent plate P2 and normal plate P5, no reduction was observed (data not shown).
Traditional conjugates (rabbit anti-sheep IgG). The most efficient conjugates were D and E, but the titers still remained at a high level with the different antigens (data not shown).
Conjugates with MAbs or protein G. With MAb and protein G conjugates, the false-positive sera were determined to be negative, in comparison to the response with conjugate A (Fig. 2a ). Other sera also had a specific positivity with only 1 antigen (e.g., TOX) in addition to their false positivity (Fig. 2b) . For some sera, specific titers were slightly reduced, but for most of them specific titers were not reduced in comparison to titers obtained with the traditional conjugates, and the corresponding sera could be considered true positive.
Serologic profiles in contagious agalactia. In some flock samples, most of the sera were false positive, as shown with conjugate A (Fig. 3a) . All the false-positive sera were eliminated with the PTG conjugate, but the true-positive titers remained at the same level ( Fig.  3a; serum Nos. 7, 11). In the same way, the PTG conjugate eliminated the background of negative sera, thus improving the specificity of the ELISA reaction (Fig.  3b) .
False-positive sera in other animals. In other animals (cattle, goat, horse, swine), a few false-positive sera were also observed, with titers ranging from medium to low levels (data not shown).
Discussion
The present report describes the identification and elimination of false-positive sera encountered during a serologic survey of contagious agalactia in sheep, leading to a low predictive value for positive tests. 27 Having eliminated some possible causes for these false positivities based on the different parameters of the ELISA reaction, the final solution was achieved by replacing the classic conjugate by a protein G conjugate, as described in previous observations in other animal diseases. 7, 8, 11, 12, 18, 24, 26 The present findings allow definition of 5 categories of sera, using simultaneously a classic conjugate and a protein G conjugate: 1) falsepositive sera, which are positive with a classic conjugate (rabbit anti-sheep IgG) with all antigens (even in the well without antigen) and are eliminated by using the protein G conjugate (Fig. 4a) ; 2) true positive sera, which have negative titers with both classic and protein G conjugates with most antigens, except for the antigen corresponding to specific antibodies (Fig. 4b) ;
3) true and false-positive sera at the same time, for which titers are high with a classic conjugate (as falsepositive sera) and very low or negative with protein G conjugate, except for the specific antigen (as true positive sera) (Fig. 4c ); 4) sera with a significant background, which have low titers with a classic conjugate and negative titers with protein G conjugate (Fig. 4d ); and 5) true negative sera, for which titers are negative with both conjugates and with all antigens (Fig. 4e ).
These 5 categories show that a positive serum sample can be falsely positive and that a false-positive serum sample can also be truly positive. There is no clear distinction between a false-positive and a negative serum with high background because all intermediary situations have been observed. The serum of a given animal does not remain false positive all the time. The causes of this intermittent behavior are not understood and need further investigation. Generally, only a few sera qualified as false-positive in a flock, but in some cases the whole flock may be involved.
Using a classic anti-sheep IgG conjugate, sera must be checked with several different antigens to detect false positivity. The use of only 1 extra well containing no antigen, as in numerous ELISA kits, is not a total guarantee of detecting false positives because some false-positive sera react with all antigens except the well with no antigen. Using protein G conjugate, no false-positive sera have been observed, and the true positive titers remain at the same level. Moreover, the background of true negative sera remains very low.
Antigens used in this study do not share common epitopes, except among the different strains of mycoplasmas, 5 and therefore the false positives described in this paper are probably not the result of cross-reactions. By using the protein G conjugate in routine diagnosis for the past 2 years, no false-positive sera have been detected during the serologic surveys of flocks for contagious agalactia and other sheep diseases.
